The solar granulation has been simulated by numerical solution of the multidimensional, time-dependent, nonlinear Navier-Stokes equations applied to the solar atmosphere.
Abstract.
The solar granulation has been simulated by numerical solution of the multidimensional, time-dependent, nonlinear Navier-Stokes equations applied to the solar atmosphere.
Granules may be explained as buoyantly rising bubbles created at the level where T = 8000 K, and which havecollapsed into vortex rings.
The calculation is in quantitative agreement with observations and has a number of implications for solar physics and convection theory.
With the advent of large, fast computers, such as the CDC-7600 and Cray-l, it has become feasible to apply the techniques of numerical fluid dynamics to modeling solar phenomena such as the granulation.
Indeed, the multidimensional, unsteady, nonlinear nature of the granulation almost dictates the use of such an approach. My granule simulation uses a hydrostatic model solar atmosphere as the initial condition for a finite-difference solution of the full two-dimensional Navier-Stokes equations.
Radiative transfer is treated by gray diffusion, and the influence of turbulence is modeled by a standard large eddy simulation. The gas physics package was taken from the stellar envelope program by Paczynski (1969) .
Cloutman (1979a) fully describes the input physics and numerical method.
The initial condition is a solar model computed with Paczynski's envelope program. Figure 1 shows some results from this program. The most notable feature of these solutions is the appearance of a density inversion when the ratio of mixing length to pressure scale height L/H < 1.5. This feature is caused by the steep temperature gradient found in the region where T = 8000 K. The steep gradient, in turn, is caused by a combination of short photon mean free path and inefficient convection. Approximately one per cent of the hydrogen is ionized in the inversion zone. The solution for L/H = I is used as the initial condition in the hydrodynamics program (which, incidentally, makes no use of the mixing length theory). and the material in the upper third of the mesh is optically thin. The initial motion is produced by a Rayleigh-Taylor instability. However, the convective heat flux is so small that heat is trapped near the lower boundary, creating two low-density bubbles labeled B and C, each representing a granule.
Granule C is 340 km wide and has a central upflow velocity of 3 km/s.
There is a weak, narrow density inversion rising with the top edge of the bubbles.
Shear between a buoyantly rising bubble and the ambient atmosphere causes the bubble to collapse into a vor- 2.03xi0 -? to 6.07xi0 -7 g cm -3 spaced.
The density ranges from Contour values are evenly
